Depleted Uranium (dU) is usually used in the weapon to increase its destruction power inflected to the target. Therefore, this study was conducted to detrmine the effect of of a range of dU concentration in the soil an incident of the desrruction of military tank in southern part of Iraq on radioisotope content in soil and in tomato plant grown in the area. The dU concentration in the incident spots located in Safwan destrict close to Jabel Sanam, north of Rumala oil field was 4000 mg Kg -1 in the soil. The soil also was found to contain a considerable level of 234 Th, 226 Ra and 40 K. Tomato growth was reduced with the increase of dU concentration compared to those grown in same soil of no dU content. It even has failed to grow in the soil with high level of dU. Tomato plant uptake of 238 U as determined by radioactivity of its direct daughter 234 Th was found to increase with the increase of dU concentration in soil. The dU concentration higher than 500 mg kg -1 soil was lethal to tomato plant.
Introduction
Hundreds of tons of depleted Uranium (dU) were discharged in the environment via ammunition during the wars in Iraq in 1990 , 2003 and in Kosovo in 1998 . Therefore, international attention has to be paid to the potential danger of dU to man and environment to all action sites in these two countries. It is well known that serious danger may occur by inhalation and wounds which are the main pathways of direct body contamination.
Uranium is not found free in its elemental state but combined with other elements in about 150 known minerals (McDiarmid & Squibb, 2001) . Uranium exists in nature in the from of three radioactive isotopes including 238 U the most abundant (99.2745%), 235 U (0.7200%), and 234 U (0.0055%) (Lide, 1999) .
The ratio of 238 U to 235 U in natural uranium is 137.88, and 314.95 in depleted uranium (Roth et al., 2003) . Therefore, depleted uranium is so named because it has been partially depleted of radioisotopes, which means the abundance of both 235 U and 234 U is lower than natural uranium. The chemical properties of depleted uranium are the same as those of the enriched and natural forms (ATSDR, 1999) . The specific activity of each isotope is expressed in the International System Units, as Bq g -1 or MBq kg
, where 1 Bq (becquerel) = 1dps (decay per second) (Anon XI, 2000; Luckey, 1991) .
The soil is usually retaining radionuclides against forces of gravity and leaching as a result of the fact that the soil is charged with a negative electric charge as well as an "important" part of it with a surface size that has wide surface areas, so that the nuclides adhere (adsorbed) to the surface of the colloids according to the "physisorption" or "chemisorption" (Mistry et al., 1973) .
In acid soils of tropical environments, U is retained in soils, through its interaction with iron minerals (Evans et al., 1997; Yoshida et al., 1998) . U is mainly accumulated in upper soil layer (A horizons of soils). High organic matter soils are usually of high U contents coming from the sequestration and reduction of U (Fellows et al., 1998; Tipping, 1996) .
Average concentrations of U in phosphate fertilizers are 100 times higher than that of soils phosphate which is a possible source of U in soils (Karhunen & Vermeulen, 2000; Schnug et al., 1996) . Uranium uptake by plants from the soil and its translocation within the plant was found to vary depending on plant species (Gulati et al., 1980; Lakshmanan & Venkateswarlu, 1988; Schnug et al., 1996; Whicker et al., 1999) . Very few is known about the responsible mechanisms. It has been proposed that the U distribution in plants followed a pattern similar to Ca, which is accumulated more in older than in younger leaves (Mortvedt 1994 Pais and Jones (1997) .
U uptake by plants increases with the increase of U in the soil or irrigation water (Lakshmanan & Venkateswarlu, 1988; Singh, 1997) . Some species have developed the ability to tolerate high concentration of heavy metals like uranium. Many members of the Brassica species are classified as hyper-accumulators, and hydroponically grown sunflowers (Helianthus annuus) have been reported as a means to remove U from contaminated waters (Chaney et al., 1997; Salt et al., 1995) . Meyer et al. (1998) found in a substrate contaminated with dU that respiration, the most sensible parameter, was affected at 500 mg dU kg -1 -soil. Meyer and McLendon (1997) found a decrease in plant biomass, and long term survivability at the highest level (25,000 mg dU kg -1 ).
It remains necessary to know the quantities of dU released and quantities absorbed by the plant as well as the best method or the optimal methods of managing soils contaminated with radionuclides. The objective of this work, however, is to evaluate uptake of depleted uranium by tomato plant, the most common crop in the soil of site of action affected by existing and variable concentration.
Materials and Methods
The experiment was conducted to evaluate the effect of the concentration of depleted uranium (dU) on its uptake by tomato and on tomato growth as well. The experiment was carried out in pots as a closed system to ensure no leakage of substances and radionuclides. Soil was obtained from uranium-contaminated area in Basrah governorate close to Safwan city where intensive military activity was conducted and large number of destroyed tanks existed. Initially, uranium concentration and readioactivity was determined. Soil from a location with no military incident (without any dU content) was also obtained.
The dU-contaminated soil was mixed in a certain ratio with no dU soil of the same area to obtain soil samples with the following selected range of dU concentration: 0, 250, 500, 1000, 4000 ppm (μg g -1 ).
Sufficient amounts of soil of each concentration were prepared. Two kilograms of soil were transferred into each pot and planted with tomato plants (cultivar Super Mermond) with three replicates of each concentration. Pots were irrigated with a nutrient solution (Hoagland and Arnon (1950) 's nutrient solution) containing all plant essential elements.
Plants were harvested at full fruit stage i.e., 90 days after planting. The plants and fruits were harvested individually and dried in oven at 65 °C for 24 hours. The level of radioactivity was determined in dry matter of the fruits and plant tissues. The radioactivity of the soil, fruits, and plant tissues was measured by Gamma-ray spectrum meters using HPGe detector with efficiency of 30% (Canberra Company USA). 238 U radioactivity was determined using its direct daughter 234 Th as suggested by Saleh and Abdil-Halim (2015) .
Results
The properties of the soil of uranium polluted area were given in Table 1 . These analyzes showed that the soil is a light-textured soil (sandy loam) with 60% of its content is sand. Consequently, this type of soil is poor in plant essential elements content. They also had very low water holding capacity and low nutrients retention capacity. This site is mainly used for tomato production using traditional technologies developed by local farmers. That is by mixing an amount of well decomposed organic material with sandy loam to raise organic matter content to 20% of total weight of soil. Plant seedlings were grown after the appropriate nutrients were given either as mineral fertilizers mixed with organic material or given with irrigation water in the form of water soluble fertilizers and in batches throughout the plant growth and production season. Depleted uranium concentration at firing sites was 4000 mg kg -1 as an average of numerous soil samples analysed (Table 1 ). Hoagland and Arnon solution was used as a nutrient solution to supply essential elements to tomato plants sufficiently because of extremly low content of plant essential elements of the soil. Tomato was used as an index plant because it is the most common crop in the area. The results of the distribution of uranium isotopes in soil, plant tissues, and fruit were given in Tables 2, 3 The results (Table 3) showed that there are no detectable level of 234 Th, 226 Ra, and 40 K in the sites where no incident occurred (control soil). Therefore, radioactivity in plant grown in control soil was as low as 13.0 Bq Kg -1 for both Radon and Lead while potassium-40 content in plant was 5 times higher than radon content and 10 times higher than that lead. Three times the activity of potassium 40 K. In the soil containing 250 mg kg -1 of dU (Table 4) , radioactive isotopes were detected in the soil where 234 Th and 234 Pa were the highest, in absolute terms. In the plant tissues (dry matter), the 234 Th was the highest while there was no radiation activity in the fruit. The concentration ratio (CR), which was defined as concentration of total U in plant tissue/concentration of total U in the soil, determined the probability of the transfer of uranium from the soil to human diet.
In the soil containing 500 mg kg -1 of dU (Table 5) , the radiation activity of all uranium isotopes increased. 234 Pa and 234 Th were the highest and no radiation activity was observed in the fruits. 234 Th, 214 Pb and 214 Bi were found in plant tissues. Vol. 11, No. 5; 2019 Plant content of uranium and related radioisotopes in soil containg 500 mg kg -1 of dU (Table 5) was markedly reduced compared to those of tomato grown in same soil containing 250 mg kg -1 of dU. Concentrations of 1000-4000 mg kg -1 of uranium in the soil has led to the death of the plant and its inability to complete its life cycle.
Discussion
Uranium was widely distributed in soil crust where its concentration was estimated to be about 32.9 Bq Kg -1 and varied depending on soil type and the quality of its constituent rocks. However, uranium concentration in the soils at which incidents of tank bombardment was as high as 10,000 ppm dU and the least concentration obtained in our laboratories was 4000 ppm. This value is two and half time less than reported by Mason et al. who had reported that du in soil could exceed 10,000 mg du kg -1 during the investigation of many different sources of U identified at this place.
Tomato plant was selected as the "Index Plant" because it is the common crop cultivated in the region. In the sites of no bombardment activity radioisotopes content was exactly as those in natural soils which clearly indicate that there is no cross contamination in the area between incident and nonincident sites.
In all cases dU content in plant increased with higher values of U in soils or water which was in agreement with results reported by Lakshmanan and Venkateswarlu (1988) , and Singh (1997) .
The CR of dU in tomato plant grown in soil containing 250 mg Kg -1 of dU was 0.004 which is close to the value reported by Mortvedt (1994) , and Sheppard and Evenden (1988) who found that geometric means of CR for U was 0.0045 depending on soil properties and crop species.
Uranium concentration as high as 500 ppm severly reduced plant growth in contrast with what had been reported by Meyer et al. (1998) and Meyer and McLendon (1997) , who found decrease in plant biomass, and long term survivability occurred at at the highest level (25,000 mg kg -1 of dU).
Conclusions
The dU concentration in tanks and vechiles destruction area close to Safwan bordered city as an average over large number of soil sample was 4000 mg kg -1 of soil. Plant uptake of depleted uranium affects the growth of the tomato negatively. dU concentration as high as 500 ppm severly reduced rowth of tomato plant in sandy soil of Safwan area at southern part of Iraq.
